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Abstract Background: Percutaneous Transluminal Angioplasty (PTA) of the lower limb
improves arterial flow and claudication symptoms, but the effects on cutaneous microvascular
perfusion and reactivity have not been previously reported.
Report: Cutaneous microvascular function in the feet was assessed in 12 patients with inter-
mittent claudication before and after PTA using Laser Doppler Fluximetry (LDF) with transcu-
taneous iontophoretic administration of acetylcholine and sodium nitroprusside. Maximum
vasodilator responses to both endothelial-dependent and independent vasodilators were
increased following PTA.
Conclusions: Large vessel intervention to improve macrovascular flow has additional benefits on
thedownstreamcutaneousmicrocirculation to improve vasodilator responsiveness. These effects
may be clinically important to reduce the risk of ischaemic ulceration and tissue breakdown.
ª 2011 Published by Elsevier Ltd on behalf of European Society for Vascular Surgery.
Introduction
Numerous studies have assessed large vessel structure and
function in patients with peripheral arterial disease (PAD),
but there is evidence that microvascular vasodilator
responses are also impaired even in patients with Fontaine
stage II disease and no evidence of ischaemic tissue
damage.1 Furthermore, outcomes from surgical bypass
grafting are worse in a subset of patients with critical
ischaemia in whom there is preoperative evidence of poor
microvascular function.2 The underlying mechanisms are
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not well understood, but endothelial dysfunction and
activation in proximal vessels triggers the release of vaso-
active hormones, e.g endothelin, which may have systemic
and downstream effects.
Percutaneous transluminal angioplasty (PTA) is an effec-
tive mode of revascularisation for patients with PAD, espe-
cially when symptoms are attributable to a short proximal
stenosis in the iliac or superficial femoral arteries. There is
evidence that PTA in the lower limb, even as a localised
procedure, can reverse some of the systemic effects on
glomerular leakage associated with PAD,3 but the effects of
PTA on the downstream cutaneous microcirculation of the
foot have not been previously reported. Therefore, this study
was contacted in an attempt to clarify the post-surgical PTA
effects on cutaneous microvascular perfusion and reactivity.
Report
Following institutional Ethics approval, 12 patients (9M;
mean age 66 years) with moderate-severe intermittent
claudication scheduled for routine unilateral PTA gave
informed consent to participate in this study. All patients
had single lesions within the superficial femoral artery
(SFA), and they attended the Vascular Research Centre on
the day prior to PTA and 4-weeks after PTA. None was
receiving vasoactive agents (e.g. naftidrofuryl oxalate),
while all patients were on long term maximal medical
therapy for ischaemic heart disease (IHD)/peripheral
vascular disease (PVD). During this period, medical drug
therapies and risk factor status (e.g BP and lipids) remained
unchanged. Maximal walking distances and ABPI were
measured pre- and post-PTA.
On each of the two study days, cutaneous microvascular
function was assessed using Laser Doppler Fluximetry (LDF)
combined with a standard protocol for iontophoretic
administration of vasodilators, as described previously.4 In
a temperature-controlled environment, baseline LDF
measurements were recorded from the dorsum of both feet
followed by transcutaneous administration of incremental
doses of Acetylcholine (ACh) and Sodium Nitroprusside
(SNP). Automated software analysis was used to derive the
maximum flow responses to each vasodilator (Vmax)
(maximum flux minus baseline flux for each limb). The ratio
of Vmax in the treated versus the untreated limb was
recorded before and 4-weeks after PTA. Data analysis was
undertaken using the Wilcoxon Signed Rank Test, and results
are presented as means with 95% confidence intervals.
Maximal walking distance and ABPI improved in the
treated limb following PTA. Baseline microvascular function
did not differ between study days, but there was a signifi-
cant increase in the maximum vasodilator response in the
post-angioplasty limb following administration of ACh [0.61
(0.38, 1.20) vs 2.09 (1.00, 4.60) Z Z 2.28, p Z 0.02]
(Fig. 1) and SNP [0.76 (0.54, 0.90) vs 2.31 (1.10, 2.68)
Z Z 2.58, p Z 0.01] (Fig. 2).
Discussion
Modern Laser Doppler equipment, standardised techniques
for iontophoretic administration of vasodilators and auto-
mated software analysis have all improved the reproduc-
ibility and utility of LDF for clinical studies of microvascular
function in patients with lower limb arterial disease.4 In this
study, baseline cutaneous microvascular perfusion in the
foot was unchanged following PTA to the ipsilateral SFA, but
maximum vasodilator responses to incremental doses of Ach
and SNP were increased 3e4 fold 1 month after revascu-
larisation. The underlying mechanisms are unclear, but
proximal dilatation and reperfusion has restored down-
stream cutaneous microvascular reactivity to both
endothelial-dependent and -independent vasodilators.
These patients had Fontaine stage II PAD, and no ulceration;
3 were diabetic. Given that tissue breakdown in the skin is
an early sign of critical ischaemia, these results indicate
that PTA has a beneficial effect not only on symptoms and
large vessel flow but on local vascular networks that are
necessary for maintaining integrity and healing of skin.
Ethical approval
Institutional ethical approval.
Figure 1 Maximum cutaneous vasodilator responses to
iontophoretic administration of acetylcholine (Ach) in the feet
of 12 patients before and after PTA to the ipsilateral superficial
femoral artery. Ratio Vmax (Maximum-Baseline Flux) for
Treated to Untreated Leg.
Figure 2 Maximum cutaneous vasodilator responses to
iontophoretic administration of sodium nitroprusside (SNP) in
the feet of 12 patients before and after PTA to the ipsilateral
superficial femoral artery. Ratio Vmax (Maximum-Baseline
Flux) for Treated to Untreated Leg.
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